One of the outstanding problems in singular physics is the behaviour of vortices in systems with reduced symmetry, such as periodic structures. Bose-Einstein condensates loaded into periodic potentials of optical lattices provide an excellent example of such a system, with the added advantage of being relatively easy to manipulate experimentally. In a two-dimensional lattice geometry, stable vortices localized in an optical lattice have been shown to exist in the form of matter-wave gap vortices [1] . These vortices are spatially localized states of the condensate, with a nontrivial topological phase, that exist due to the interplay of the repulsive matter-wave nonlinearity and the anomalous diffraction of the matter waves due to their Bragg scattering in a lattice. Although two-dimensional (planar) vortices have also been investigated in the fully three-dimensional (3D) discrete lattice models [2] nothing is known about nonlinear dynamics of the vortex states in a fully 3D continuous lattice geometry. Here we study for the first time to our knowledge localization of vortices in a three-dimensional band-gap. We report that not only planar, two-dimensional matter-wave gap vortices persist in the presence of the third dimension, but also the three-dimensional lattice may support novel types of quite unusual vortex-like structures which survive perturbations of both phase and atomic density. One remarkable result of the lattice geometry is that we may study coherent interactions of planar vortices, and even find stationary structures of an arbitrarily long stack of vortices.
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These ultimately form a transversely localized vortex line as shown in Fig. 1(a) . We find that the lattice stabilizes the vortex line, and leads to robust evolution of the perturbed state. The three-dimensional geometry also allows the existence of exotic vortex states which have no two-dimensional equivalent. The simplest example is the 'folded' vortex of Fig. l(b) . More complicated robust states may also be found, such as the 'diamond-like' vortex shown in Fig. 1(c) . This example highlights the possibility of coherently coupling vortices in different planes to form a single coherent state with nontrivial circulation, so demonstrating the great flexibility of the 3D geometry.
